Introduction
Atherosclerosis, from initial endothelial lesions to overt cardiovascular events, recognizes hypertension as one of the major risk factors. [1] [2] [3] However, only a small submit your manuscript | www.dovepress.com
Dovepress

2294
Guasti et al number of patients are treated in order to achieve blood pressure (BP) goals, and treatment of hypertension is far from optimal even in high vascular risk populations. 4 The activation of a number of inflammatory mediators and pathways, among which the angiotensin system has a relevant role, contributes to endothelial dysfunction and damage. [5] [6] [7] [8] [9] [10] [11] [12] Moreover, it is known that patients at increased cardiovascular risk have an upregulation of angiotensin II type 1 receptors (AT1Rs) in immune cells crucial for the mechanisms leading to inflammation/atherosclerosis. [10] [11] [12] Aldosterone, in addition to its effects on volume and BP regulation, has a number of extrarenal actions that contribute to the pathogenesis of cardiovascular disease. 13 Although no definite role for these drugs in cardiovascular mortality has been documented, the introduction of mineralocorticoid receptor antagonists seems to be associated with potentially impressive outcomes in human cardiovascular protection. [14] [15] [16] Therefore, blocking the renin-angiotensin-aldosterone system (RAAS) is a cornerstone in cardiovascular prevention and in the treatment of hypertension, including the antiremodeling effects of the blockade. 17, 18 For this purpose, among treatment options in clinical settings, angiotensinconverting enzyme (ACE) inhibitors or AT1R antagonists are the first choice, with the mineralocorticoid receptor antagonists and renin inhibitors constituting the other possible interventionary drugs for RAAS.
Several studies point to aldosterone as relevant for BP, and besides its obvious role in primary hyperaldosteronism, higher circulating aldosterone levels are associated with higher BP values and are related to future development of drugresistant hypertension and hypertension in non-hypertensive individuals. 17, [19] [20] [21] However, aldosterone receptor antagonists are associated with potential side effects such as glomerular filtration rate (GFR) reduction and hyperkalemia, and little is known about office visit BP changes when these drugs are added on top of the angiotensin system blockade. 16, 22, 23 Moreover, the effects of canrenone added to the pre-existing blockade of the system on ambulatory BP monitoring (ABPM) parameters are unknown. Therefore, we sought to assess the effects of canrenone addition (50 or 100 mg), an aldosterone receptor antagonist, to the existing therapy, which included the highest tolerated dose of ACE inhibitors or AT1R antagonists plus hydrochlorothiazide (HCT) on 24 h ambulatory BP in uncontrolled hypertensive patients.
Methods patients
One hundred and seventy-eight consecutive outpatients had been included in the ESCAPE-IT trial (NCT02687178).
These patients had hypertension that was not controlled by pre-existing treatment (either the maximum tolerated dose of ACE inhibitors or AT1R antagonists plus HCT) and were randomly assigned to be treated for 3 months with canrenone (50 or 100 mg/day) in addition to their existing treatment. One hundred and fifty-eight of those consecutive patients were submitted to 24 h ABPM (80 patients in the 50 mg arm and 78 patients in the 100 mg arm) and were evaluated in this study. The detailed study design has been described previously. 24 This study presents a secondary analysis focused on ABPM. Besides ABPM, all patients had a complete clinical evaluation, office visit BP measurements, and routine laboratory examinations at baseline (pre-study canrenone addition) and 3 months after canrenone addition. One hundred and fifty patients completed the ABPM study with the two recordings (77 patients in the 50 mg canrenone arm and 73 in the 100 mg arm). In five patients, the quality of the recordings was not good (see later) even when the recordings were repeated either at baseline or at the 3-month evaluation, and three patients refused consent to repeat the ABPM.
Uncontrolled hypertension was defined as persistence of office BP values 140 mmHg for systolic BP and/ or 90 mmHg for diastolic BP despite ongoing treatment. In all the patients, the persistence of high BP was confirmed by the 24 h values of ABPM (see later).
The study inclusion and exclusion criteria have been already described. 24 Briefly, inclusion criteria included several parameters: 1) office BP values 140/90 mmHg; 2) undergoing ongoing therapy with maximal tolerated dose for at least 2 months of ACE inhibitors or AT1R antagonists plus HCT 25 mg/day; 3) both sexes; 4) age . 45 and ,75 years; 5) grade 1 or 2 hypertension; 6) body mass index (BMI) #35 kg/m 2 ; and 7) giving informed consent to the study.
We excluded patients with the following characteristics: 1) office BP 180 mmHg for systolic and/or 110 mmHg for diastolic BP; 2) patients receiving any other antihypertensive drugs or cortisones; 3) acute clinical events occurring within 3 months before the study (after clinical evaluation of potential interferences); 4) previous myocardial infarction or ischemic/hemorrhagic stroke (1 year from study enrollment); 5) active cancer, diabetes, and/or alcohol or drug abuse; 6) actual or potential pregnancy and/or breastfeeding; 7) pre-existing conditions, including HIV infection, chronic hepatitis, hepatic cirrhosis, chronic heart failure, previous mastectomy or ovariectomy, and/or nephrotic syndrome; 8) known hypersensitivity to canrenone or its metabolites; 9) previous inclusion in other clinical studies Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
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effect of canrenone on ambulatory blood pressure (within 3 months before the study); and 10) denial of the study informed consent. Moreover, patients were excluded after laboratory examination evaluation if hyperkalemia (K + .5 mEq/L), hyponatremia (Na + ,135 mEq/L), serum creatinine .1.5 mg/dL, hyperuricemia .10 mg/dL, and GFR calculated with modification of diet in renal disease formula ,45 mL/min/1.73 m 2 were present. 25, 26 Besides standard laboratory evaluations, the homeostasis model assessment of insulin resistance index (HOMA-IR) was calculated. 27 Of the 158 patients, 39 (25%) received ACE inhibitors plus HCT, whereas 119 received AT1R antagonists plus HCT. Patients who were treated with statins or antiplatelet/ anticoagulant drugs did not modify their treatment throughout the study.
Our study complied with the Declaration of Helsinki, and all the patients gave their informed consent to the study, which had been approved by the Ethics Committee (EC Gallarate-Va) and by the local Ethics Committee at each study site.
aBpM
All the enrolled patients underwent 24 h ABPM before the addition of canrenone to their existing treatment and again after 3 months of combination treatment. The 24 h noninvasive ABPM was performed by means of a Spacelabe 902017 (Spacelabs Healthcare, Edinburgh, UK) set to take one measurement every 15 min during the day (07:00 to 22:00 h) and every 20 min at night (22:00 to 07:00 h). When the quality of the ambulatory tracing was not sufficient (valid measures ,80%), the patients underwent repeat monitoring on the following day. Reading and editing of the data were performed by a computerized program. Mean values of 24 h BP (mean arterial, systolic, diastolic, and pulse pressures) and heart rates were recorded. Pressures measured during the daytime and nighttime periods were considered in subsequent analysis together with the nocturnal reduction in BP percentage (, or .10%) that was calculated using the formula: ([diurnal value -nocturnal value]/ diurnal value) ×100%. Uncontrolled BP values according to ABPM were 24 h systolic BP 130 mmHg and/or 24 h diastolic BP 80 mmHg. Moreover, for diurnal and nocturnal BPs, increased values were considered 135/85 and 120/70 mmHg, respectively. 25 
Statistical analysis
Descriptive statistics of continuous variables were reported as mean ± standard deviation (SD); categorical descriptive variables were reported as absolute rates and percentages.
The analysis of the efficacy and safety variables for both canrenone doses (50 and 100 mg) was carried out using the Student's t-test for paired data in order to compare the values measured at the final visit with the values measured at the baseline visit. The chi-square test was used in case of categorical data. The analysis of the difference in efficacy and safety between doses of canrenone was carried out using one-way analysis of variance (ANOVA). Fisher's exact test was used in cases of categorical data. A two-sided P,0.05 was indicated for statistical significance.
Results
In patients enrolled in the canrenone 50 mg group, the sex distribution was 50 males and 30 females with a mean age of 57.1±8.9 years and a BMI of 27.5±3.5 kg/m 2 ; the patients in the canrenone 100 mg group consisted of 48 males and 30 females with a mean age of 57.6±9.2 years and a BMI of 27.4±3.6 kg/m 2 . Clinical and laboratory characteristics of the patients enrolled in the two dose regimen arms are shown in Table 1 . At the 3-month combination treatment evaluation, both office systolic and diastolic and pulse pressure evaluation were significantly reduced (P,0.001) following the addition of 50 or 100 mg canrenone, whereas heart rate was similar at the two visits. A modest, but significant, increase in K + was observed with both canrenone doses, and although GFR was unchanged following both doses, a modest increase in serum creatinine was noted during 100 mg treatment.
aBpM
The systolic and diastolic BPs (24 h, daytime, and nighttime) and mean arterial and pulse pressures were significantly reduced when canrenone was added to the pre-existing therapy (P,0.001; P,0.01 for nighttime pulse pressure; Table 2 ). Heart rate did not change during the second ambulatory recording.
The degree of reduction in BP occurred in steady pattern: 1) Δ 24 h systolic BP at 50 mg/day was -13.5±11.2 mmHg; 100 mg/day was -16.1±13.5 mmHg (P= ns for 50 mg treatment vs 100 mg); 2) Δ 24 h diastolic BP at 50 mg/day was -8±8 mmHg; 100 mg/day was -11.2±8.4 mmHg (P,0.05 between the two doses); and 3) Δ 24 h mean arterial pressure at 50 mg/day was -9.9±8.4 mmHg; 100 mg/day was -12.8±9.4 mmHg (P,0.05 between the two doses).
Moreover, after considering the previously described thresholds for defining elevated 24 h BPs (described in the "Methods" section) at ABPM, it was observed that a significant number of patients in the 50 mg arm whose 24 h BP was not controlled by the pre-existing therapy achieved Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com
Dovepress
2296
Guasti et al a normalized 24 h systolic or diastolic BP (P,0.05 for both BPs, normalized vs non-normalized) and in the 100 mg arm (P,0.05) (P= ns for 50 mg vs 100 mg) as shown in Figure 1 . Twenty-four-hour BP was #130 mmHg for systolic and #80 mmHg for diastolic BP (both BPs after normalization) in 61% of patients after 50 mg canrenone addition and in 47.9% after 100 mg addition (Figure 2) .
At baseline, in the 50 mg group, 47.5% of patients had a .10% nocturnal fall of systolic BP and 77.5% of diastolic BP; in the 100 mg group, 52.6% had .10% systolic and 76.9% diastolic BP reduction. After 3 months of combination therapy, 45.5% of patients treated with 50 mg canrenone had a reduced nocturnal systolic BP .10% of diurnal values and 76.6% of patients had a diastolic BP reduction .10%. In the 100 mg treated patients, 39.7% and 68.5% of patients had reduced nocturnal systolic and diastolic BPs, respectively, which were .10% with respect to diurnal values. When comparing baseline and 3-month treatments, no significant differences were found in nocturnal BP decrease, with either the 50 or 100 mg treatment. 
Discussion
In the clinical setting, adding canrenone (50 or 100 mg) to the existing therapy, which included the highest tolerated dose of ACE inhibitor or AT1R antagonists plus HCT, resulted in a reduction in BP as assessed by 24 h BP monitoring. ABPM targets for 24 h systolic and diastolic BP were achieved in 67.5% and 74% of previously uncontrolled hypertensive patients in the 50 mg arm, respectively (P,0.05 for both BPs), and in 61.6% and 68.5% of patients in the 100 mg treatment arm, respectively (P,0.05).
To our knowledge, this is the first study describing BP reduction during ABPM upon canrenone addition (as for inclusion criteria) to agents blocking the vascular effects of angiotensin II in hypertensive stage 1 or 2 patients.
It is well known that the accuracy of BP measurements is higher if arterial pressure is monitored over time, preferably by ABPM. 28, 29 Moreover, the relevance of ABPM has been indicated in pharmacological trials. 30 In our study, we evaluated the ambulatory 24 h ABPM to confirm BP, and therefore, we used the ABPM targets to identify uncontrolled and controlled patients before and throughout the study, thus giving reliable results for BP measurements.
Previously, spironolactone and eplerenone, either as add-on pre-existing therapy or as monotherapy, have been described to reduce BP in patients with essential hypertension, metabolic syndrome, those with refractory hypertensions undergoing dialysis, and patients with resistant hypertension. 22, [31] [32] [33] [34] [35] [36] [37] [38] [39] Moreover, spironolactone (if tolerated) was used as an intensified pharmacological treatment (control group) to compare the effect of renal denervation in patients with true resistant hypertension; this treatment yielded similar BP reductions. 40 Our results show that canrenone was effective in reducing BP in patients already being treated with drugs able to block ACE or AT1R. Office visit systolic and diastolic BPs were significantly reduced after the addition of canrenone at the two doses. During ABPM, the Δ 24 h systolic BP at 50 mg/day was -13.5±11.2 mmHg, and at 100 mg/ day, it was -16.1±13.5 mmHg. The Δ 24 h diastolic BP at 50 mg/day was -8±8 mmHg and at 100 mg/day was -11.2±8.3 mmHg. Although the degree of reduction was significantly higher for diastolic and mean BP in the 100 mg treated patients (P,0.05 between the two doses), no differences were found for systolic 24 h BP reduction, and interestingly, the number of patients achieving 24 h BP normalization was similar during the two treatment regimens.
A diminished nocturnal BP decrease has been associated with poor cardiovascular outcome. 41 In our study, when comparing baseline and the 3-month treatments, no significant differences were found in nocturnal BP decrease as indicated by the number of patients with a nocturnal BP reduction .10% with respect to diurnal values with either the 50 or 100 mg treatment. Our patient's selection, including those already treated with drugs interfering with AT1R transduction signals and in stage 1 or 2 hypertension, may possibly have influenced this parameter. Figure 1 after the addition of canrenone, previously uncontrolled Bps (ie, 24 h systolic Bp 130 mmHg; diastolic Bp 80 mmHg) were normalized in 67.5% and 74% of the patients treated with 50 mg/day (systolic and diastolic Bps, respectively) and in 61.6% and 68.5% of the patients treated with 100 mg/day (P,0.05 for both Bps, normalized vs non-normalized). Note: No statistically significant difference was found between the normalization of Bps at the two dosages (P= ns for 50 mg vs 100 mg). Abbreviations: BP, blood pressure; ns, not significant. 
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Peripheral pulse pressure is a marker of aging-associated arterial stiffening, and relationships associating pulse pressure, arterial stiffness, and renal function are observed mainly in patients 60 years of age or older. 42, 43 It has been recently confirmed in a large cohort of high-risk subjects that pulse pressure is associated with multiple adverse cardiovascular outcomes, and this value provides prognostic utility beyond that of mean arterial pressure. 44 In our patients, pulse pressure was significantly reduced for 24 h, daytime, and nighttime values (P,0.001; P,0.01 for nocturnal BP during 100 mg treatment). These data, in conjunction with the preserved GFR after canrenone addition, may indicate a protective vascular effect.
Canrenone has been related to improved diastolic cardiac function in essential hypertensive patients and patients with mild systolic heart failure and metabolic syndrome; mineralocorticoid receptor antagonists have been described to ameliorate diastolic function and markers of cardiac fibrosis in patients with diastolic dysfunction and heart failure with preserved ejection fraction. [45] [46] [47] In our study, the patients using statins did not modify their treatment throughout the study. It is well known that additive preventive effects on atherosclerosis can be obtained by combination therapy of anti-RAAS and lipid-lowering agents and that using these two classes of drugs can influence the inflammatory/fibrous environment and atrial fibrillation. [48] [49] [50] As already reported for the whole population, we did not observe clinically relevant side effects in the group of patients undergoing ABPM, and in particular, no threatening hypotension episodes were seen during the 24 h BP monitoring. 24 This may be due in part to patient selection, including those patients who were already tolerant of ACE or AT1R blockade in terms of renal perfusion. As expected based on previously published literature, an increase in serum K was observed in conjunction with a non-clinically relevant increase in serum creatinine at the higher doses. 23 However, no patient had to stop the mineralocorticoid receptor antagonist because of severe hyperkalemia or incident renal failure, and GFR did not decrease during combination treatment.
Our study investigated the 3-month effects of canrenone addition to the existing maximal tolerated therapy with ACE inhibitors or AT1R plus HCT. Therefore, our results do not show the effects of mineralocorticoid receptor antagonists used as first-line antihypertensive therapy and may not apply to longer follow-up periods. Moreover, we acknowledge that we did not measure the serum levels of the selected drugs.
Conclusion
In a clinical setting of stage 1 or 2 hypertension, dual RAAS blockade obtained by adding canrenone to the maximal tolerated dose of ACE inhibitors or AT1R antagonists plus HCT was associated with a reduction in 24 h, daytime, and nighttime systolic and diastolic BPs and pulse pressures as demonstrated during ABPM. ABPM targets for 24 h systolic and diastolic BPs were achieved in a high percentage of previously uncontrolled hypertensive patients in both the 50 and 100 mg treatment arms in the absence of hypotensive episodes during both daytime and nighttime periods and/or other clinically relevant side effects.
